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MODES OF FAILURE ANALYSIS

NERVA B-2 REACTOR

SUMMARY

A failure mode analysis of the NERVA B-2 reactor design has been made. The

results are summarized with emphasis on the design recommendations to improve the

overall reliability of the reactor.

2’9.
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MODES OF FAILURE ANALYSIS
NERVA B-2 REACTOR
INTRODUCTION

In the preliminary design phase of the NERVA reactor, several basically
different designs have been considered. One of these contains a bottom supported core
and is identified as the NERVA B-2 reactor design. Reliability, as stated in the NERVA
contract, is of extreme importance. Because of this importance, a failure mode analysis
of the NERVA B-2 reactor design was considered desirable. This report presents the results
of the failure mode analysis and indicates areas in which design changes may be made to

improve the reliability of the design.

RECOMMENDATIONS

Futyre design effort on the NERVA B-—Zrleacfor should adequately consider
the foillowing recommendations:
A. Damage of cylinders due to relative rotation should be prevented.
B.  Axial gaps in the graphite reflector, caused by core expansion, should
be examined and evaluated with respect to possible detrimental effects.
C. The coefficient of friction for graphite on graphite should be examined

to ensure tha .iiding will occur at the - irious inclined planes.
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It is further recommended that the following design actions be considered as pertinent to

the improvement of the overall reliability of the NERVA B-2 reactor.

1.

2.

10.

Cooling passages should be protected from clogging.

Sticking of control drums shouid be prevented.

Holding of the boral c?mtrol plate should be improved.

Small diameter cooling holes in control drum top plate should be used.

Design of control drum stop plate, spring and spring cover should be improved.
Core loading spring ends should be retained.

Crientation of control drum drive shaft with control drum should be such that
this will not depend upon a loose piece.

Possibility of lithium hydride entering core should be prevented.

Possibility of high density hydrogen en>tering core should be prevented.

Cooling flow through the shield should be controlled.

DESCRIPTION OF NERVA B-2 REACTOR DESIGN

The NERVA B-2 reactor design which was used for the analysis preserted in this report

is shown in Figure 1. Figures 2, 3, 4, and 5 show the reactor in schematic form. -

" The NERVA B-2 reactor design is based on the KIWI B~2 design. In this design the

core is supported by a bottom plate made of graphite. Loads on the core are ~arried by this

plote, and then to the pressure vessel, by an inclined plane. A cooled graphite reflector surrounds

the core, and a one piece beryllium raflector with rotatable control drums surrounds the graphite

reflector. The assembled reactor is inserted in the pressure vessel from the top. To serve as a

k
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propellant tank shield, a lithium hydride shield is located at the top of the core structure.

Heated hydrogen is removed through the shield and drives the turbine, thus the pump.

Additional heat is added as the hydrogen passes through the nozzle skirt.

FAILURE MODE ANALYSIS PROCEDURE

Since detail drawings for the NERVA B-2 reodor are not in existence, the design
is, in a sense, incomplete; and the failure mode analysis must start by examining fhe.generol
layout or osﬁembly drawing. From this drawing a parts list‘is created. To provide identification
each part is assigned a planning parts Ifst number. This number will be used throughout the
analysis. [n addition, when detail drawings become available, this number will be associated
with the part number; however, if there is future redesign, there may be several part numbers
that would be identified with a single planning parts list number. The planning parts list
number ic used primarily for planning and is most useful prior to the assignment of part numbers.

Each part, now identified by o planning parts list number (see Table 1), is
considered separately; part function is established; and the details of the part, os visualized
from the available iﬁformoﬁon, are studied. For each part, every conceivable mode of failure
is noted, and the probable cause or causes of each mode is recorded. How the mode of failure
affects the operation of the engine is next evaluated and enumerated.

Action to eliminate or prevent each mode of failure is determined. This recommended
action moy (1) require special quality control effort during the maﬁufacturing phase and consist
of special tests, measurements, or procedures; (2) require some specilol _Ioborofory tests, such

_as environmental tests, to demonstrate the design integrity; and (3) suggest additional design

SRS

effort. During the preliminary design phase, the recommended actions can greatly assist in
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the attainment of a design with inherently high reliability. It is for this reason that the
failure mode analysis of this report has been made.

Results of the failure mode analysis aie summarized on a special form (see
Table 11). This form lists the part name, planning parts list number, mode of failure,
hazard, effect on thrust, cause of failure, recommended methods to eliminate or prevent
failure, and disposition. In the future, the disposition column is to be used to note the
action actually taken.

Since the summary of Table Il is o.imed at recommending design actions to
improve the reliability of the design, the recommended actions are discussed, in greater

detail, in the following paragraphs.

RESULTS AND DISCUSSION

The design of the NERVA B-2 reactor, as shown in Figures 1, 7 3, 4, and 5
is incomplete in that no defoil drawi‘ngs and, in most cases, no detail design analyses
have been made. Extensive design effort would be required before a completely satisfactory
design would be available. However, at this eoyly stage ir; the design, a failure mode
analysis is highly desirable so that changes which can aid in the attainment of o design with
higher reliability can be recognized and design action taken before changes would be
difficult to make.

During the course of the failure mode analysis several features in the\ design were
observed as requiring additional design effort before these can be considered satisfactory
for use in the design. These features are fo be investigated thoroughly before the design

reaches its final form, Though not noted in the detail failure mode analysis, these features
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ore listed below as reminders for adequate consideration in future design work on fhe

NERVA B-2 reactor:

A. Suitable arrangements should be provided to prevent damage of the mony
cylinders due to relative rotation.

B Radial expansion of the core when heated will cause axial gaps in the
grcphite reflector. That t)ese gaps are not going to cause overheating of parts externc!
to the graphite reflector should be determined. If the gaps are detrimental, these should
be eliminated or the design modified to reduce the heat flow through the gops.

C. Sliding of the bottom support plate on the inclined ramp may present
»ome serious design problems. If the coefficient of friction of graphite on graphite is too
high to permit sliding of the porfs, the core support structure can be overstressed to the
point of failure. Failure of the core support structure in this manrer would result in a
catastrophic foifu:e of the reactor. The‘ detail design of the core support, the top core
support, and the reflector cylinder segments must consider the sliding of graphite on
graphite; and design action must be taken to assure that seizure and sticking can never
occur.

Table Il presents the “Failure Mode Analysis Summary." This special form
summarizes the results of the malfunction analysis and contains the following information:

1.  Part Name

~ 2. Planning Parts List Number
3. Moc;le of Failure
4, Hazard

5. Effect on Thrust
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6.  Cause of Failure "
7.  Recommended Methods to Eliminate or Prevent Failure
a. Testing during manufacturing o
b. Laboratory testing during development
C. Design
8. Disposition (Reserved for future use.)

Since the design of the NERVA B-2 reactor is a preliminary one, the recommended
design changes will be the most effective items reported in the summary of Table ll.. It is
certain that if the failure modes can be eliminated by design changes, the inherent reliability
will be improved. This report is therefore concerned primorily with the design recommendations.
During the detait design of the NERVA B-2 reactor. “he following items should be considered
as potential improvements to obtain a higher inherent reliability.

1. Protect cooling passages from clogging. There are cooling passages through

the graphite reflector, beryllium reflector, control drums, core and shield and over the
pressure vessel. In most cases the cooling flow is vital *o continued operation. This cooling
flow must be mqinfained or serious failure will result. The use of screens, strainers, tiaps,
etc., will improve the inherent reliability. Cléunliness, care and quality control can assist
by eliminating many sources of debris; however, there are sources of debris that will defy
detection. When one particle, .100-.150" across its maximum dimension, can cause
catastropic fain = of the reactor by blocking any one of the 8029 holes in the core, it
appears most logical fo provide ucidifionol protection.

2. Prevent Control Drum Sticking. The control drums must be prevented from

sticking in the open position. With the fast control planned, the drums are forced into the

e e R S
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open position at every incieasing power surge. Sticking of only one drum in the open

position can cause & local core hot spot that will result in'catastrophic core failure. In

the desian review it is apparent that there will be temperature gradients through the contrel
drum, resulting in distortion. Sufficient clearance must be provided. It would seem
desirable to do something in the detail design to minirﬁize stick'ng fn rh§ event of rubbing.
Closely spaced circumferential V-grooves along the surface of the drum would be effective
at reducing sticking since the apex of the aluminum could wear off rapidly and allow the
drum to increase its clearance locally. This and other schemes can be quite imprrte-t in
minimizing the effect of rubbing.

The bottom control drum bearing is designed such that the a. uifferéntial
expansion is taken out by the outside diameter of the bearing sliding in the bearing holder.
This is likely to promote sticking; thus, the control drum can stick and bind. The use of a
roller bearing at this location would prevent this type of failure. In any case, a self aligning
bearing should be used because of the distortion that tokes place in the reflector assembly.

Design cf a failsafe control is very important. Failure in the control
circuits that will cause a single control drum to go to the full open position must be avoided
at all costs. It is expected that many such failures moy occur and design action to eliminate
these will prove to be most helpful in improving the inherent reliability.

3. Improve holding of boral control plate. The boral plate is held between the

aluminum cover and the beryllium control drum. Differential expansion can cause the plate
to loosen or to be held too tightly. If too loose, it can rartle due to vibration and break; if
too tight, it may be distorted sufficiently to break. The design should be reviewed to make

sure that this critical part is properly held such that it will not break.

2 -
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4. Use small diameter cooling holes in control dium *op plate  Generation

.-

of chips due to vibration and distortion inside the control drum aiuminum sleeve may be
unavoidable. These chips should not be permitted to enter the core. The outlet cooling
holes should not be any larger than one third the diameter of the core inlet holes. Any
particle that gets outside the drum sleeve con then pass unobstiucted through the core.

5. Improve design of control drum stop plate, sgring and 1 ring cover. The

stop plate on& spring have axiol ond radiai “ eedom, being retained bs o fixed cover
welded to the bot*om support ring  Vibration can cause wear and failu. e of these parts.
Attachment of the stop plote and spring should be reviewed. It is sugyested that these be
individually attached, with oi! axial or radiol play removed Dependence on a welded-on
sheet metal cover should be cvoided.

6. Retention of core loading spring ends. It is reasoncble to assume that sooner

or later one of the core loading springs will fail. If the two parts a-e not retained, these
can get into the core inler and can block holes in the core causing catastrophic core
failure, even though the support of the core will be unaffected by the foss of a single
wpring. It is suggested that the spring supports be arranged to retain each end. The last
coil of the spring can be snapped intc a groove, retoirﬁng the spring in the event of
failure.

7. Means to orient control dium drive shaft with control drum that does not

depend upon separate loose piece. The design shown indicates a separate loose dowel pin in

the connecting spline. The dowel pin can fall out at assembly, or can be I-ft ort. In either

case the shaft -nay be assembled incorrectly. The results of such an assembiy can be a nucleor

Gecident.
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8. Prevent lithium hydrid: from entering the core. Carbon is highly corrosive

in the presence of lithium hydride. Design effort to prevent LiH entering the core will
~ increase the inherent relidbility.

9. Prevent high density hydrogen from entering the ccre. Gaseous hydrogen below

90R and liquid hydrogen at 37.5°R must not enter the core. High density hydrogen entering
the core can cause increased nuclear activity that is very difficult to cortrol with the
rotating drums of the NERVA reactor. In addition 'to the physical damage couwsed by such
uncontrollability and the sofety aspects, there is the possibility of Jamage to the core from
temperature shock when low remperature liquid hydrogen contacts the core. During a start
it is planned to program the starting events in sequence and depend upon thermal capacity,
flow characteristics, etc. to make sure that high density hydrogen never reaches the core.
The inherent reliability of the reactor can be improved by design action that con positively
assure that high density hydrogen can never enter the core. From the safety standpoint

this action may be mardatory.

i0. Control of cooling flow through the shield. The shield becomes heated hy

absorbing neutrons in the LiH and gamma radiations in the stainless stesi. The temperature
of the shield is determined by the flow of hydrogen through the shield. The flow of hydrogen
is controlled by the flow passages through the shield, the piping and valving to the turbine,
the passages through the nozzle, and the characteristics of the discharge nozzle or nozzles.
of these; Westinghouse is only responsible for the shield flow passages. Design variations,
“malfunctions, etc., in the portion of the system outside Westinghouse responsibility can have
a profound effect upon the satisfactory operation of the shield. Care should be taken such

that these outside influences are satisfactory for the shield design.
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Figure 1 - 7021134

MERVA Reactor Bosed on KIWl B2 ~
Top loaded Core, Heated Bleed -
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Figure 2
Schematic of NERVA B~2 Engine
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Figure 3
Core Detoils of NERVA B-2 Reoctor
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Reflactog Cylinder Assembly of NERVA
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Reflactor Ausembly of NERVA B2 Reoctor
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PLANNING PARTS LIST ABLE 1 DATE 1-8-62
TITLE: NERVA B-2 REACTOR REVISION 0
NUMBER PART NUMBER |QUANT. | PART NAME '
D6.2.0.0.0 No Part Numbers | 1 Reactor Section Axial B-2 Top Loaded,
Available Heated Bleed
D6.2.1.0.0 1 Core
D6.2.1.1.0 1 Core Assembly
D6 2.1.11 1 Top Support Plate
D6.2.1.1.2 1 Bottom Support Plate
D6.2.1.1.3 1147 Suppnrt Fuel Element
D6.2.1.1.4 | 147 Graphite Sleeve
D6.21.1.5 ‘ 1147 Fuel Elemen*
D6.2.1.1.6 | As req' d. Filler Strip
D6.2.1.1.7 As req'.d. Pyrolytic Graphite Plates
D6.2.1.2.0 1 Reflector Cylinder Assembly
D6.2.1.2.1 R Support Ring
D6.2.1.2.2 1 Bottom Circumferential Load
Ring
D6.2.1.2.3 36 Bottom Load Ring Segments
D6.2.1.2.4 36 Reflector Cylinder Sector
£6.2.1.2.5 . ' As req' d, Pyrolytic Graphite Tiles
D6.2.1.2.6 36 Top Load Ring Segments
D6.2.1.2.7 ‘ 1 Spri.ng Support
D6.2.1.2.8 1 .Top Support Ring
D6.2.1.2.9 1 Top Circumferential Load Ring
06.2.1.2.10 36 : Segment Loading Spring
D6.2.1.2.11 36 | Reflector Load Spring
D6.2.1.2.12 1 Spring Support Ring
D6.2.2.0.0 1 Reflector and Control Element
D6.2.2.1.0 , ] Reflector Support Ring (Core
Support Structure)

e ——, - 16
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PLANNING PARTS LIST DATE 1-8-62
TITLE: NERVA B-2 REACTOR TABLE REVISION 0
NUMBER PART NUMBER = |QUANT.| PART NAME
1
D6 2.2 20 No Port Numbers | 24 | (eflector Sector
D6.2.2.3.0 Available 1 Botiom Reflector Ring
D6.2.2.40 2 Dowel Pin
D6.2.2.5.0 ' 12 Dowel Pin
D6.2.2.6.0 12 Dowel Pin
D6.2.27.0 | 48 Through Bolt
D6.2.28.0 12 Lock Plate
D6.2.2.9.0 43 Lozk Cup
D6.2.2.10.0 12 Control Drum
D6.2.2.10.1 ‘ 1 ' Control Cylinder
D6.2.2.16.2 1 Control Plate
D6.2.2.10.3 1 Control Cylinder Sleeve
D6.2.2.10.4 1 Spring |
D6.2.2.10.5 1 Bearing Shaft (Top)
D6.2.2.10.6 1 Becring Shctt (Bottom)
D6.2.2.11.0 - 24 Bearing
D6.2.2.12.0 12 Shap Ring
06.2.2.13.0 12 Stop Plate
D6 7.2.14.0 , 12 Stop Pin
D6.2.2.150 ’ 12 Control Drum Return Spring
D6.2.2.16.0 12 Spring Cover
D6.2.2.17.0 48 Insert Heli=coil
) D6.2.2.18.0 1 Bearing Support
06.2.2.19.0 48 ' Bolt
D6.2.2.20.0 48 Lock Cup
D5.2.2.21.0 12 Threaded Ring
D6.2.2.22.0 12 Lock Washer
el —— ¢
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PLANNING PARTS LIS! TABLE | DATE 1-8-62
TITLE: NERVA B-2 REACTOR REVISION O
NUMBER | PART NUMBER QUANT.| PART NAME
D6.2.2.23.0 No Part Numbers | 12 Connector Shaft

Availdble
D6.2.2.24.0 12 Nut
D6.2.2.25.0 12 ‘ Cup Washer
D6.2.2.26.0 12 Dowel Pin
D6.2.2.27.0 12 Floating Shaft
D6.2.3.0.0 -— Core Support Structure (Part of
Reflector and Control Element -
See D6.2.2.1.0)
D6.2.3.1.0 1 Core Support Ring
D6.2.3.2.0 4 Core Support Ring Reraining
Segments
D6.2.3.3.0 36 Bolis
D6.2.3.4.C 36 Lock Cup
06.2.4.0.0 1 Shield Primary (inside)
D6.2.4.1.0 ‘ 1 Shield
D6.2.4.2.0 1 Baffle
' " ;“;“—'""‘"‘-"" T T I A
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TABLE 11

FAILURE MODE ANALYSIS SUMMARY

NERVA B-2 REACTOR

LIST OF ABBREVIATIONS AND SYMBOLS USED

VIB. - Vikration

T - Temperature

H2 - Hydrogen

QC - Guality Control

E - Environmental Test
X - X-ray

INT. - Internal

P. - Pressure

Ass y. - Assembly

£ 43
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FAILURE MODE ANALYSIS SUMMARY PAGE 1 of 9 PAGES
NERVA B-2 REACTOR TAME 1 OATE 12202 v ©
MANNING RECOMMENDED METHODS TO .
PART PARTS LIST »Oc.‘u g EFFECT ON CAUSE OF ELIMINATE OR PREVENT FARLURE gg
NAME Huneer Fanuee |5 ™AUST FARURE TESTING DESIGN s
x ch lmv‘ s
s Tap Support D620 1. Swaar ot Outer Nose Vib,losd, AT, Liq € Maka cordoin Ling. "2
Plose Supgrart Fhonge ", Sleg nervear rouches cone
Shoar ot Outer 2(No sart)| vib.,losd, AT, liq E Make certoin Liq. "2
Support Flange M,y Slug never sonches core
Crock or bewek H vk Flow, 81, Liq. {QC {E Mohe cortwin Liq. ”2
batween halea My Sivg never touches core
Srock - Lovgit. s | ¥B,8T, i H,SkegfQC | € | Make conmintliq. B,
ateer roaches core
Beoek - Teqms. None va_l, a1, Liq "2 E Mad o cortain Liq. “2
Shep awver ronches core
Sronk - Tram. 2{Ne M)I Vik T, AT, Lig H, 3 Naghee cartirin Liy. "2
Sheg * never reaches core
Seize - Remp X1 .3 Vb, 1., Lond, € Agoguete Design
Coof. Friction
Borom Support | D6 2.1.1.2 Shaw ot Ouder X} 13 Y, AT, lowdflew jQC | E
Plaw Suppart Flange
Cench or Breek None Vib_ aY €
Setweon Holes
Bronk - Loagit. Noss vib, a7 E
Break - Trom.
Above Fiange None vk, £
Selow Flonge x| 1,3 V. 3
Vaporize xl 1,3 Towp. €
Do - F_E. 5 Vib., Tomp. €
Saize - Resp X{ 1,3 Vib.. ¥, tood, [ 3 Adogmte Design
Conf. Friction
Suppont Fuel 06.2.1 1.3 | Greck - Trum. [ V., T. Shock €
Elemen?
Seeok - Langit. 5 V., T. Shock [ 3
Beeck - Longis. x| 23 ¥ib., T. Shock, £
Srrmion
Vepetize 5 Y., Clogged Holes, € Screen in inlet of core.
Conrol Msfunction
Grophite 062114 | Siesk - Tram. None Vib. Tewp. €

* EFFECT ON THRUST

1. IMMEDIATE DESTRUCTION
2. EVENTUAL DESTRUCTION
J. DECREASE MORE THANM J0%
4. INCREASE

5. DECREASE LESS THAN 10%

. X . . —— - —————
L o i | et
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FAILURE MODE ANALYSIS SUMMARY PAGE 2 of 5 PACES
. NERVA B-2 REACTOR TARLE 1t DATE  1-22-62 v O
; e i T e —_-._—_—-.-.
PLANNING , RECOMMENDED METHOUS *™ .
PART PARTS LIST MgFM g EFFECT ON, CAUSE OF ELIMINATE O PREVENT FAP _RE gg
NAME s Famume (] TUST FAILURE TESTING CESIGN &
x MEG. JDEV.
i Bcsak - Longit None Vb Temp. t
Portiolly Vaparize H 1. t
Fuel Element D62i15 | Creck conting None Bending distortion, Qc jE
- flow
Crock or breok Nore Vib, T. £
frontvarse
Crock or hreok Xi 2, vib, T. [ 4
iongitudinet
Crock betasen X] 2,3 vib, T. t E 3
holes
Veporize A1 23 T., Clogged Pamage, t Foilwife conirol, protect
Control Motfunction core holes
Fillee Strip De211s Beook None Vib., T Shock @
] Pyrolytic D62117 Breok sodially Nore Vib_ Exporsion of £
- Grapghite Piotes Bottom Supdet, )
Sticking
Brack - Circum X} 2 3 Vit Exponsion, E
ﬁ Sticking
i Become detoched None Vib , Incorrect Cure | QC £
" Distetion duting | X l 2,3 Realighment of QcC £
" cure i internal crytals
= Preces breok oft None Vib , T. Shock, oK PE
: Exporsion, Aunemt iy
of Gutarted 7. 3
i Cieces brack off X} 2, 3 Vib.,, T Shocx,
* Exporsion Anembly
of Listorted Porty
- Suppors Ring D62121 | Breck Longit 5 Vib , T. Shock E Protect ccoling noles.
& Breok Longit x| 23
- Breok Troms None Vib , Flow = o I 3
Breal » High None Vib, T. Shock, Flaw i QC | E
- Temp Cooting Eerasion
- B:eak in High X{ 2,3
1 Terp Coqnng

* EFFECT ON THRUST

iMMEDIATE DESTRUCTION
EVENTUAL DESTRUCTION
DECREASE MORE THAN W
INCREASE

DECREASE LESS THAN 10%

[CIE RN
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; FARURE MODE Arad ;s LS SUMMARY ‘AR b 268 3 o RS
i K " ——
P NERVA 3-2 REACTOR sart t1-e3  mv e
| i PLarNENG . RC O e & MTRO0S 10 .
‘; AT SARSS LIST MO0t Ot T ON Causl OF ELUAMATE L4 PREVENT fanmg 0x
| NUMSR Of 3 reune T 294
NAME fam R g Fae ot HITING DEsroN Fd
F — + — .-ﬁ{,_i}!‘, RIS Sl
\ Ouerhaw x| 2.2 ) Bz wpot, clegged | Mt doup ceniing
11 | T haiom ¢ i PN wpva
lh'. DO2122 | Bownh Longer Neas | VB flew o }l
‘Cuc-dum.d i
‘!la‘ Sony Deonk Trqm [ YR flow X ‘§ 13
\ Melt x{ 2,3 1, Cloggt Canlung ! £ Imcmunlu.w !
i Pamagn . . ot clag }
H i
[Bonton loat | D67123 | bosk Teawm v v Teer 1 T !
‘ Ring Seguents '
| Beosh - Longet Nens T | L
!
" Veps 19 X} 1,3 1. met Spet, Cumivol 3 Wt hpep < onhong Seley
: Motbpnx togn, ¢ lugged} ko Faitmbe camesi
! Coulrag pasanges
f eize o Resy Xy 2 Y3 Lles, 3 Adequote Devogn
’ Coué Froction
l i
,leﬂ«nu 082124 Beouh Langit !.—I 2,3 vt t Promrdn overiap to pavent
C,u Al Gaps hoet flow 1o reflecion
{ Sector .
] eeck Tears x{ 2,3 v, 1 €
! $e13¢ ot Remgn x] 2,3 Vi, T, \oud, € Adopote Dosgn
i Conl of Fruction
f
} Pralyic 062125 | Srosk Rudiaity Nane Vb itiching to e (4
1 Geoghive Lilm
g Broek Crrcum Nene Yib  faperaion ong &
i Wiching
]
H Become detached Neone Vil , Incorract Cuting t
{ pocen
Distor? an Axring Nome Reslrgnenons of ¢ o
cwe Cryteis duting Cure
Precar brouk off tiona Vb, T Shach, €
Enpmrsion
Top load Ring | D6 2126 Sroai Travs None vib 1 £
Segments
Serze o Ramp x} 22 Vid T, kot Coot of 3 Aduguete Ducrgn
Frichion
Sceak Longut None Vb 1. £
Spring Sugpor: | 002127 | Geeok Tromw None vib_ T Flow ac ¢
ook Longut Mone b1, flow Qc | €

* EFFECT ON Dust

. IMMEDIATE DESTRUCTION
EVENTUAL OESTRUCTION

. DECREASE MORE THAN 0%
INCREASE
DECREASE LESS THAN 10%
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Sperng Suppes? | D8 21212 | Browh Aauaily Nane v, 1, Hes e QIR
Ring !
Beond Cue Noew vid, T, Yien X i
' Svenh Teoms Nore vd, 1, Hoe &Kt
, Sorre Top Cive -] 2 ! Va. 1, flam ’ Salect conbiantsan of
H Lond Ring Clooning Actron of maveenly bus onie-suize
"
Reflacrer 002210 | Shew of Flonge None Vb, leed, T Shach Il
Suppart Ring
Srowh o8 Ouier Nene Vb, lond, T Sheck [ 4
tdge of Ring
Srcoh o8 Janee xt 2) Vib, leed, T Buxch £
vége of Ring
Browk ot Rovauning) X 2, 2 Vb, lesd, T Shechk ¢
Geoove
Brooh Asi None I ¥ .
o N | RMe ] Q.C._L L
'2_'3(! ON THeUST
1 LT L~ STRUCTION
2 EVENTUAL DESTRUCTION
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WANL-TINR-042
FARURE MODE ANALYSIS SUMMARY PAGE 5 of 9 PAGES
NERVA 82 RACTOR TARE u DATE 1-23-62  REv. O
RECOr MENDED METHODS TO
PANNNG s
st PARTS LIST oo o FFICT ON| ¢y o EUMINATE 08 reevent Fanse | Oz
NAE Nuwate FaRURE §l Ttusy® FANLRE TESTING DESIGN ac
|G, ]mv. e
Dissart 48 1. .
Soflocter 062220 Sphie Longit. vib. £
Sotim
Spiid Langis. x| 234 vh. t
Solit Trams. Vi 3
Dissers MNeve 1. 3 Peorect cooling holes.
Conling Flow,
Cusling Hele Clog.
Oisvart xt 2,3 4 1., £ Protect cooling holes.
Cooling Flow,
Cooling Hole Clog.
Settem 06.2.2.30 Sronh Aziol Nose vh. E
feflecter Ring
Seire Doming None Vib.1.,Ciosning € Une roller bearing, eif-
Race Action ”2 aligning bearing.
Seize Desring x| 23,4 Vb, 1. Cloaning € {Use roller beoring, seif-
fazs Action “2 oligning bearing. )
Oisert None 1. [4 Sufficient clecronce for
distortion.
Distert X1 23, 4 T. € Sufficient clearance for
distortion.
Dowel 06.2.2.4.0 Cmit 99 Assombiy MNone Corslons Amewbly Qc
Omit ot Amanbly I X] 2,3, ¢ Corsless Auonbiy
Owwel ®in 06.2.2.5.0 Owmir o¢ Assowhiy None Corcles Amewbiy Qc
Omit ot Amenly | X] 2, 3, 4 Careless Anenbly
Dowel Pin 06.2.2.6.0 Owit ot Assewbly None Corslew Anendly Qc
Owit ot Amewbly 1 X| 2, 3, 2 Coralaes Assenbly
Theough Beit | 062.27.0 | Bresk None COvertorqued ac {e
Defective Matericl
Loasen None Undertorqued T. Q |
Lack Plate 06.2.28.0 | Brosk Nane Vib.,Flaw ‘
Lock Cup 06.2.2.9.0 | Solt Heed Rotutes None Improperly crimped | QC
Folls out of None Not properly spun Qc
casting into groove }
CEFFECT ON THRUST
1. IMMEDIATE DESTRUCTION
2. EVENTUAL DESTRUCTION
3. DECREASE MORE THAN ¥R
4. INCREASE
5. DECREASE LESS THAN 10%
| m— ——— vt - o s
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g T e d ‘
Wwwsrite o' w - v vy
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WANL-TNR-042
: EAILURE MODE ANALYSIS SUMMARY ) PAGE & of 9 PAGES
- TARE O T e
NERVA 8-2 REACTOR £ DatE  1-23-82 REv. 9
) | RECOMMENDED METHODS 10
' PLANINING
PARY PARTS LIST mor § EFFECT ON| ¢\ ce of ELIMINATE OR PREVENT FAILURE 25
4 L]
NAME tuMeER sAnue || TSt FAILURE TESTING - ot
T |MFG jDEY. »
Conteot 06.2.2.10.1 | Sceck Langit. None Vb, Flow [o G 3
Cylinder
Sraok Troms. Nons Vib, Flow Lo ol B 4
Distort None T., Hot Spot, [3 Munt have adeguote
Clogged cooling bolet clagronce,
Distort X} 2 3 4 T., Hot Spas, . Koop cooling holes apen.
Clogged cooling holes
Control Plate 06.2.2.10.2 | Crack None Vih. £ Mount boral 10 it will not
: bo stressed by distortion.
Breck Noae ¥. Shock,, Distortion € |1 must not ratile End plate
holes to be wmatier than
Brack X1 2 3,4 T. Shock., Disortion . core holes.
Distort None 1. £
Distort X|] 23 4 T
Control 06.2.2.10.3 | Breck - Trons. None Vib,, 1., Flow [r ol I 3
Cylindei Slesve
Brack - Trans. X{| 23 4 Vib., 1. Flow
Braak - Longit. None Vib,, T.,Flaw Qc | E
Break - Longit. X | 2,3, 4
Disiort None 1. E
Distort xi 234
Spring 06.2.2.10.4 | Break None Vib, Flaw Q |&
Break X] 2,3 4
Relax None Tomp. - €
) Relox Xl 2,3, 4
Bearing Shaft D6.2.2.10.5 } Brack ot beuring 5 Incorract torgue, QC {E Cooling holas should be
{Top) nut undercut Vib. smaller in diometer than
holes in core,
8rook betwsen 5 Incorrect torque, QC jE
bearing nut Vib.
undercut and spling
Break at spline
vndercut 5 Incorrect torque, QC | E
Vib.

* EFFECT ON THRUST

. IMMEDIATE DESTRUCTION
. EVENTUAL DESTRUCTION

. -DECREASE MORE THAN 30%
INCREASE

DECREASE LESS THAN 10%
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WANL-TNR-042
FARURE MODE ANALY SIS SUXMARY amt PAGE 7 o 9 PAGES
NERVA §-2 SEACTOR oale  1-23-62 sy O
HCOMMENDED METHODS TO
PLANNING
Pant PARTS LIST | u&u lajesrcr onl L o TLMINATE OR PRIVENT FARUBE 21
NAsE Rumeet FARuRE | Meus Fanust TESUING ESIGH ac
. | . #_gq_ oev | el
Crach botwoen Nong Vb, t
holos
|
BSeming Sheft 06.2.2 105 | Beonk of Sonp Ring| X | Nane V. €
{Botrom) Geowvn
Seock ot isbowrd None vid &
Side of Dewring
Rounded Groave None Sanp Ring Aussnbly | QC
Up
Seaning D6.22.11.0 | Seize Nane V.. Contaminstion, JQC 1 E
Cleaning Action Hy
Seize x| 2 ¥.. Comtamingtion, 1QC | €
Cloaning Action Hy
Soll Seecia Nons Delective Qc Provide scrsen in core.
Sol! Brecks x{ 2 Defactive Qc Peovide wreen in care.
Sall Retoiner None Defective Qc Provide wroen ia care.
Srooks
Ball Retoiner x] 2 Detective Qc Peovide scipen in core.
Brooks
Snop Ring 06.2.2.12.0 | No# in Groove None Corsles Asenbly c
Stop Plate 06.2.2.13.0 | Weor Keys X1 2,4 Vib., Not refnined E Eliminote axiol ond rodial
axially end adially " {1 ploy.
ook Stop Tab  IX ) 2, 4 Vib., Flaw QC € Moke cortoin stops ore
fatlscfe or provide backup
stops.
Stop Pin 06.22.14.0 | None None ~e—eee cer | wea
Control Drum D6.2.2.15.0 | Break X Flow, Demt < | E
Return Spring
ka Vib.
Scrom)
Spring Cover 06.2.2.16.0 | Rrook of Weld x| 2,4 Sad Weld Qc Spring and stop shwuld be
separately retoined.
Insart Holicoll| 06.2.2.17.0 | Pull Out None Inwficient thesod | QC
engugement
Bearing Support| D6.22.18.0 | Breck ot Theead (X! 4,5 | vib,Flaw ac | ¢
Brock Mounting (X | 4, Vib.,Flow o lE
Flonge

*EFFECT ON THRUST

. IMMEDIATE DESTRUCTION
. EVENTUAL DESTRUCTION

. DECREASE MORE THAN 0%
. INCREASE

. DECREASE LESS THAN 10%
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WANL-TNR-042

FARURE MODE ANALYSIS SUMMARY ‘ PAGE B of 9 PAGES
NERVA B-2 REACTOR Tant u ' DATE  1-25-62 L)
NANNING RECOMMENDED METHODS TO '
paRy PARTS LIST M&u af tFFECT ON CAUSE OF !ummttyon PREVENT FARURE 25
. £ ]
NAME MuMBER ranime |3 Meust FARURE VESTING DESIGN &e
WG [DEV |
Bolt 06.2.2.19.0 | Sreek None v 4
Lock Cup 0622200 | Solt Rosetes Nons fmpeaperly Crimped | QC ] € Provids wrmen in core
inler
8ol Rotetes ¥l 2, 8 lwgroperly Crinped | QC | € Peovide screen in core
inle?,
Fells aut of casti Nane Mot spun into cating | QT 1 £
: properly
Fails ot of conlingl X] 2, 4 Not spun i.vo casting | QC | €
praparly
Theomiad Ring | D6.2.2.21.0 | Breek None Vib.,Flow QC | €
Lockwasher 06.22.220 | Tob Not bent into None Corelens Ananbly Qc |
Groove
Conmecior 06 2.2.23.0 | Sreck Between 5 Vib, Flow Qc €
Shoft Splines
Seize Spline None Vib,Contomination, | QC | €
Cleoning Action of
H
2
Nyt 08.2.2.24.0 | None Nome |  ~-ceee bl Baad
Cup Wosher D6.2 2.25.0 | Failue to Crimp None Coreless Assembly QC
Dowsl Pin 06.2.2.26.0 | Omitot Amenbly IX | 1, 4 Carelens Anembly Qc Redesign for meana of
orienting to eliminote
seporate loose piecs.
Seizure None Contamination €
Flooting Shoft 06.2.2.27.0 | Breck 5 Vib., Overtorque QC JE
Spline Seizure None Vib. €
Core Support | D62.31.0 | Break Radially None Vib., T. Shock, Flow | QC | E
Ring
Core Support D6.2.3.2.0 Break ; None Vib., T. Shock, Flaw] QC [ 3
Ring Retoining
Segments
Bol? 06.2.3.30 Break None Vib., T., E
tock Cup 06.2.34.0 Bolt Head Rototes None Improperly Crimped | QC Design screen in inlet of
core,
Bolt Heod Ratates | X1 1, 4, 5 Improperly Crimped | QC Dwsign Screen in inlet of
core,
*EFFECT ON THRUSY
1. IMMEDIATE DESTRUCTION
2. EVENTUAL DESTRUCTION
3. DECREASE MORE THAN 20%
4. INCREASE
5. DECREASE LESS THAN 10%
. 3
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WANL-TNR-042

FARURE MODE ANALYSIS SUMMARY PAGE 9 aof 9 PAGES

NERVA §-2 REACTOR TASLE Ul DATE  1-25-62 w. o
PLANNING l RECOMMENDED METHUDS 1O
PARY PARTS LIST MODE | GLEFRECT ONI case o ELIMINATE O PREVENT FAILURE 25
NAME NUMIER FAKURE 3' THhasT* FAILURE TESTING DESIGN a&
x MEG JDEV. »
Folls Ove of None Not properly 1pun Qc Design Screen in inlet of
Casting into retaining hole Core
Falls Out of X1 1,45 Not properily spun Qc Detign Scrven in inle? of
Casting into n feining hole core.
Shiold 06.2.4.1.0 Besok Mmig. Fig. X1, 3 Vib. € Moke swes LiK connot
anlot core.
Buphwee LiH X113 Foulty weld, weld ' Q| ¢t Make wre Litl connot
Capaule leok, 1., impurities, snter core.
vib.
Cracks bottom None Vib., T., Faulty Weld| QC | €
plote
Crock Top Plete None Vb, T.,Ffeuity wald] QC | €
Baffle 06.24.2.0 | Weld Cracks None Vib., 1., Foulty Weld] QC | E
Beliows Seol None Vib. 13
Ruptre .
Farts Breok OF None Continuationof Weld | QC | €
Cracks :
Distertion None vib., E
1., P.

*EFFECT ON THAUST
1. IMMEDIATE DESTRUCTION |

2. EVENTUAL DESTRUCTION : s,

3. DECREASE MORE THAN J0% . 7 t V[ i

4. INCREASE tn,? ¥

S. DECREASE LESS THAN 10% i L 1azn .
< t .. 7




